Study of the chemical constituents of the stems of Derris trifoliata Lour. (Leguminosae) collected in Singapore led to the isolation and identification of three known and two new rotenoid derivatives. The new derivatives, named derrisfolin A (1) and B (2), inhibited nitric oxide production in murine macrophage-like RAW 264.7 cells stimulated with interferon- and lipopolysaccharide.
The genus Derris (Leguminosae) is a rich source of isoflavonoids, especially rotenoids. Rotenoids were originally used to paralyze fish, and subsequently came to be used as insecticides [1] . They are known not only as toxicants, but also as candidate anticancer agents. Rotenoids have been shown to exhibit extremely potent cytotoxicity against six human cancer cell lines [2] . We earlier reported the isolation of several rotenoids from D. trifoliata Lour., showed that they exhibit inhibitory effects on tumor-promoterinduced Epstein-Barr virus early antigen activation on Raji cells, and discussed their possible value as cancer chemopreventive agents (antitumor promoters) [3] .
In our search for other classes of effective chemopreventive agents, we recently used a new bioassay system to measure the inhibition of nitric oxide (NO) generation. Nitric oxide is synthesized by the NO synthase (NOS) enzyme family and plays an important role in tumor growth, invasion, and angiogenesis [4] . The expression of inducible NOS (iNOS) in various tumor cell lines has been recently documented, and the selective inhibition of excessive iNOS-induced NO generation is widely accepted as a new paradigm for cancer chemoprevention [5] . Rotenoid derivatives isolated from D. trifoliata stems have been shown to inhibit NO activity in RAW 264.7 cells [6] .
We report herein the isolation and structural elucidation of two new rotenoid derivatives from the stems of D. trifoliata collected in Singapore. Furthermore, in the course of our continuing study, five rotenoid derivatives isolated from this plant were tested for their ability to inhibit nitric oxide production.
An acetone extract of stems of D. trifoliata was fractionated by silica gel column chromatography and preparative TLC to obtain nine known and two new rotenoid derivatives. The latter were named derrisfolin A (1) and B (2) ( Figure 1 ). Derrisfolin A (1) was obtained as a pale yellow oil, [] 25 D +14, and its molecular formula was determined to be C 23 H 24 O 6 by HREIMS. The UV spectrum of derrisfolin A (1) is similar to that of 7a-Omethyldeguelol (3) [7] , which we also isolated from the same plant. The IR spectrum showed absorption bands due to a hydroxy group and a conjugated carbonyl group at  max 3535 and 1639 cm -1 , respectively. The 1 H NMR (CDCl 3 ) spectrum revealed two singlet methoxy groups ( 3.72 and 3.84), four aromatic protons [two ortho-coupled protons (6.41, 7.68), and two singlet protons (6.36, 6.46)], and a chelated hydroxy signal at  13.08. The appearance of a pair of doublets at 5.60 and 6.73 (each 1H, J = 9.9 Hz), together with a 6H-singlet at 1.47 indicated the presence of a 2,2-dimethylpyran ring system in the molecule. Furthermore, oxymethylene proton signals at 4.16 and 4.24 (each 1H, m, H-6), methylene proton signals at 2.19 and 2.33 (each 1H, m, H-6a), and a methine proton signal at 4.68 (1H, m, H-12a) were observed. In the HMBC experiment (Table 1) , the C-H long-range correlation from C-8 to 7a-OH and H-3' indicated the placement of the 2,2-dimethylpyran ring at C-8/C-9. Location of the methoxy groups at C-2, C-3 was indicated by observation of NOEs between a methoxy at 3.84 and an aromatic singlet proton at 6.46 (H-1) and between another methoxy at 3.72 and an aromatic singlet NPC Natural Product Communications 2012 Vol. 7 No. 11 1479 -1482 proton at 6.36 (H-4). These 1 H and 13 C NMR data (see Table 1 ) were similar to those of 7a-O-methyldeguelol (3), except for the presence of a chelated hydroxy signal at  13.08 (1H, s, 7a-OH) instead of a methoxy group at 3.83 (3H, s, 7a-OMe). On the basis of these results, the structure of derrisfolin A was proposed as 1.
Darrisfolin B (2) was isolated as a pale yellow oil, [] 25 D -1.8. The molecular formula C 21 H 20 O 7 was established by HREIMS. The IR spectrum showed absorption bands due to hydroxy and conjugated carbonyl groups. The UV spectrum was similar to that of 7a-Omethylelliptonol (4) [8] , which we also isolated from the same plant. The 1 H NMR spectral data of 2 (Table 1) showed signals corresponding to two methylene signals at  4.24 (2H, m, H-6) and 1.98, 2.51 (each 1H, H-6a), a hydroxy signal at  5.00, three singlet signals of methoxy groups at  3.71, 3.86, and 3.98, two singlet signals of aromatic protons at  6.52 (1H, s, H-1) and 6.48 (1H, s, H-4), two ortho-coupled doublets at  7.05 (1H, d, J = 8.4 Hz, H-10) and 6.85 (1H, d, J = 8.4 Hz, H-11), and a 1,2-disubstituted furan moiety at  6.93 (1H, d, J = 2.2 Hz, H-3') and  7.59 (1H, d, J = 2.2 Hz, H-2'). In the HMBC spectrum, the C-H long-range correlations from C-8 to H-10, H-2', and H-3' and from C-9 to H-11, H-2', and H-3' indicated the location of the furan ring at C-8/C-9. Location of the methoxy groups at C-2, C-3 and C-7a was indicated by observation of NOEs between a methoxy at 3.86 and an aromatic singlet proton at 6.48 (H-4), between a methoxy at 3.71 and an aromatic singlet proton at 6.52 (H-1), and between the other methoxy at 3.98 and a doublet proton at 6.93 (H-3') of the 1,2-disubstituted furan moiety, respectively. These 1 H and 13 C NMR data (see Table 1 ) were similar to those of 7a-O-methylelliptonol (4), except for the presence of a hydroxy signal at  5.00 (1H, s, 12a-OH) instead of a methine signal at 4.69. These results indicated that the structure of derrisfolin B was 2.
Compounds 1 and 2 were determined to be modified rotenoids with an open ring-C. The absolute configurations of these rotenoids have yet to be determined. Nine known rotenoids were also isolated and identified by comparison of physical data with those published.
These were 7a-O-methyldeguelol (3), deguelin, -toxicarol, 7a-Omethylelliptonol (4), elliptol (5), (-)-tephrosin, elliptone, 6a, 12a-12a-hydroxyelliptone, and rotenone.
The new rotenoid derivatives, derrisfolin A (1) and B (2), together with three previously reported rotenoid derivatives (7a-Omethyldeguelol (3), 7a-O-methylelliptonol (4) and elliptol (5)), were tested for their effects on NO production in LPS/IFN-stimulated RAW 264.7 cells. Derrisfolin A (1) inhibited LPS/IFN-induced NO production in RAW 264.7 cells with 51.2% and 32.0% inhibition at 5 M and 10 M, respectively. Inhibitory activities of derrisfolin A (1; IC 50 = 4.7 ± 0.6 M) were stronger than 3, 4 and 5 ( Table 2) . Also, derrisfolin B (2) had an inhibitory effect on the accumulation of NO in RAW 264.7 cells (IC 50 < 30.0M) ( Table 2) . Cell viability experiments, measured by the MTS assay, showed that these compounds were not significantly cytotoxic to RAW 264.7 cells at the concentration required for effective inhibition of NO production (data not shown). The present study suggests that inhibition of NO production in macrophage cells by derrisfolin A (1) could be used to prevent cancer by reducing excess NO production. 
